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RDQG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IURPWKH5')RUHDFKDQJOHWKUHHGLIIHUHQWVDPSOHV
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GHIRUPDWLRQRIWKH$=VKHHWRFFXUVHVVHQWLDOO\E\VOLS



)LJ0LFURVWUXFWXUDOREVHUYDWLRQVE\RSWLFDOPLFURVFRS\RIWKHPDWHULDODIWHUWHQVLOHWHVWXSWRDVWUDLQYDOXHİ|DWDRER

7KHPLFURVWUXFWXUDOFKDUDFWHUL]DWLRQRIWKHPDWHULDOZDVFRPSOHPHQWHGZLWK7(0REVHUYDWLRQVSHUIRUPHGLQWKH
D E
185 S. Dutta and M.S. Kaiser /  Procedia Engineering  90 ( 2014 )  182 – 187 

5'7'VKHHWSODQH5'1'ORQJLWXGLQDOSODQHDQG7'1'WUDQVYHUVHSODQHSODQHVRIWKHVKHHWEHIRUHDQGDIWHU
WHQVLOHWHVWV7KHUHVXOWVDUHSUHVHQWHGLQ)LJDQGVKRZWKDWWKHLQLWLDOPDWHULDOSUHVHQWVDYHU\ORZGLVORFDWLRQGHQVLW\
ZKLFKFRQILUPVWKDWWKHPDWHULDOZDVVXSSOLHGLQWKHUHFU\VWDOOL]HGVWDWH,QFRQWUDVWWKHGHIRUPHGVDPSOHVSUHVHQWD
KLJK GLVORFDWLRQ GHQVLW\ KRPRJHQHRXVO\ GLVWULEXWHG WKURXJK WKH JUDLQV ZLWKRXW GHILQLQJ GLVORFDWLRQ FHOOV 7KLV
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KLJKHODVWLFVWUDLQILHOGDVVRFLDWHGZLWKHDFKGLVORFDWLRQPDGH7(0DQDO\VLVGLIILFXOWHVSHFLDOO\ZKHQWKHVHVWUDLQ
ILHOGVRYHUODSSHGGXHWRWKHKLJKGHQVLW\RIGLVORFDWLRQV


         
)LJ7UDQVPLVVLRQHOHFWURQPLFURVFRS\LPDJHRIWKHDDVUHFHLYHGPDWHULDOE$=DIWHUWHQVLOHWHVWXSWRPD[LPXPXQLIRUPVWUDLQDWR

)LJSUHVHQWVWKHFU\VWDOORJUDSKLFWH[WXUHRIWKHDVUHFHLYHGPDWHULDODQGDIWHUWKHWHQVLOHWHVW7KH^ `ሼͳͲͳതͲሽ
SROHILJXUHVVKRZVWKDWWKHDVUHFHLYHGPDWHULDOKDVDVWURQJ^ `XYWZ!ILEHUFU\VWDOORJUDSKLFWH[WXUHFRPSRQHQW
W\SLFDORIKRWUROOHGDQGDQQHDOHG0JVKHHWV'XULQJWKHWHQVLOHWHVWWKH0JJUDLQVURWDWHVDURXQGWKHFU\VWDOORJUDSKLF
FD[LVJLYLQJULVHWRDVWURQJ^`ͳͲͳതͲ!WH[WXUHFRPSRQHQWUHJDUGOHVVWKHGLUHFWLRQRIWKHWHQVLOHWHVWV+RZHYHU
LWLVSRVVLEOHWRYHULI\WKDWWKH^`ͳͲͳതͲ!WH[WXUHFRPSRQHQWLVVWURQJHUIRUWKHVDPSOHVORDGHGDWRWKDQIRUR
DQG R  ,Q RUGHU WR HYDOXDWH WKH LQIOXHQFH RI WKHVH GLIIHUHQFHV RQ WKHPHFKDQLFDO EHKDYLRU RI WKHPDWHULDO WKH
HYROXWLRQRIWKHDYHUDJH7D\ORUIDFWRU0!DQGWKHDFWLYLW\RIWKHVOLSV\VWHPVGXULQJWKHXQLD[LDOWHQVLOHVWUDLQZHUH
FRPSXWHGXVLQJWKH936&FRGH,QWKHVHFDOFXODWLRQVLWZDVDVVXPHGWKDWWKHSODVWLFGHIRUPDWLRQRFFXUVE\VOLSRQ
WKH EDVDO D! SULVPDWLF D! DQG S\UDPLGDO FD! VOLS V\VWHPVZLWK QRUPDOL]HG FULWLFDO UHVROYHG VKHDU VWUHVVHV
&566UHSRUWHGHDUOLHU>@DQGSUHVHQWHGLQWKH7DEOH,WZDVDOVRFRQVLGHUHGWKDWWZLQQLQJGLGQRWFRQWULEXWHWRWKH
SODVWLFGHIRUPDWLRQRIWKHPDWHULDO7KLVDSSUR[LPDWLRQLVMXVWLILHGE\WKHWZLQQLQJIUHHPLFURVWUXFWXUHVREVHUYHGE\
RSWLFDOPLFURVFRS\DQG7(0SHUIRUPHGRQWKHPDWHULDODQGWKHDEVHQFHRILQWHQVLW\UHLQIRUFHPHQWRI^`SROH
ILJXUHV LQ WKH GLUHFWLRQ DOPRVW SHUSHQGLFXODU aR WR WKH1' GLUHFWLRQ RI WKH VKHHW W\SLFDO ZKHQ WKH WHQVLOH
WZLQQLQJLVDFWLYDWHG


)LJ([SHULPHQWDO^`ሼͳͲͳതͲሽSROHILJXUHVIRUWKHDDVUHFHLYHGPDWHULDOEPDWHULDODIWHUWHQVLOHWHVWXSWRWKHPD[LPXPXQLIRUPVWUDLQ
DWRFDWRDQGGDWR5'UROOLQJGLUHFWLRQ7'WUDQVYHUVHGLUHFWLRQ7$±7HQVLOH$[LV
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7DEOH1RUPDOL]HGFULWLFDOUHVROYHGVKHDUVWUHVV&566>@
6OLSV\VWHP 1RUPDOL]HG&566
%DVDOD!^`ͳതͲ! 
3ULVPDWLFD!^ͳത`തʹͲ! 
3\UDPLGDO FD! ^ തʹ `
 തʹ͵!


7KHWH[WXUHVSUHGLFWHGE\WKHPRGHOIRUWKHDQDO\]HGVDPSOHV)LJSUHVHQWJRRGTXDOLWDWLYHDJUHHPHQWZLWKWKH
H[SHULPHQWDOWH[WXUHVVKRZLQJWKDW936&PRGHOFDQEHXVHGWRDQDO\VHWKHLQIOXHQFHRIWKHFU\VWDOORJUDSKLFWH[WXUH
RQWKHPHFKDQLFDOEHKDYLRURI0J,QGHHGIURPDTXDQWLWDWLYHSRLQWRIYLHZ WKHSUHGLFWHGWH[WXUHVDUHDVXVXDO
VKDUSHUWKDQWKHH[SHULPHQWDORQHVGXHWRWKHGLVFUHWHQDWXUHRIWKHPRGHOEXWDOOWKHVLPXODWHGSROHILJXUHVSUHVHQW
WKHVWURQJ^ `ͳതͲ!FRPSRQHQWWKDWIRUș RLVDOLWWOHPRUHLQWHQVHWKDQIRUș RDQGR7KHVHGLIIHUHQFHV
JLYHULVHWRDKLJKHU7D\ORUIDFWRUIRURWKDQIRUWKHRWKHUWZRGLUHFWLRQV)LJ,QIDFWDOOWKHVDPSOHVSUHVHQWD
FRQWLQXRXVLQFUHDVHRI0!YDOXHZLWKWKHVWUDLQWKDWFRUUHVSRQGWRDVWURQJHUFRQWULEXWLRQRIWKHFU\VWDOORJUDSKLF
WH[WXUHHYROXWLRQ IRU WKH VWUDLQKDUGHQLQJGXULQJ WKH WHQVLOH WHVW WH[WXUDOKDUGHQLQJEXW IRU HDFK VWUDLQYDOXH WKH
RULHQWDWLRQDVVXPHGE\WKHJUDLQVLQWKHVDPSOHGHIRUPHGDWRRSSRVHVPRUHHIILFLHQWO\WRWKHSODVWLFGHIRUPDWLRQ
4XDQWLWDWLYHO\WKHVHUHVXOWVUHIOHFWWKHKLHUDUFK\RIWKHH[SHULPHQWDOıİFXUYHVRI)LJVWURQJO\VXJJHVWLQJWKDWWKH
FU\VWDOORJUDSKLFWH[WXUHKDVDQLPSRUWDQWUROHRQWKHDQLVRWURSLFIORZVWUHVVREVHUYHGGXULQJWKHWHQVLOHWHVWVSHUIRUPHG
WRWKHLQLWLDOPDWHULDO




)LJ6LPXODWHGXVLQJ936&FRGH^`ሼͳͲͳതͲሽSROHILJXUHVIRUWKHPDWHULDODIWHUWHQVLOHWHVWXSWRWKHPD[LPXPXQLIRUPVWUDLQDWDR
ERFR5'UROOLQJGLUHFWLRQ7$WHQVLOHD[LV7'±WUDQVYHUVHGLUHFWLRQ

)RUDOOWKHGLUHFWLRQVWKHEDVDOD!LVWKHPRVWDFWLYDWHGVOLSV\VWHPVEXWLWVFRQWULEXWLRQWRWKHSODVWLFGHIRUPDWLRQ
RIWKHJUDLQVGHFUHDVHVZLWKWKHVWUDLQDQGLVORZHUIRURWKDQIRUWKHRWKHUWZRWHQVLOHGLUHFWLRQV7KLVHYROXWLRQFDQ
MXVWLI\WKH0!İFXUYHVFRPSXWHGE\WKHSRO\FU\VWDOPRGHO,QGHHGE\FRPSDULQJ)LJDQGWKHYDOXHVE\936&
FRGHLWFDQEHREVHUYHGWKDWWKHLQFUHDVHRIWKH7D\ORUIDFWRULVDVVRFLDWHGZLWKDGHFUHDVHRIDFWLYLW\LQWKHEDVDOVOLS
SODQHVDQGDQ LQFUHDVHRIDFWLYLW\ LQ WKHSULVPDWLFVOLSSODQH7KLVVKRZV WKDW WKHRULHQWDWLRQRI WKHEDVDODQG WKH
SULVPDWLFSODQHVZLWKUHVSHFWWRWKHWHQVLOHGLUHFWLRQKDVDVWURQJLQIOXHQFHRQWKHIORZVWUHVVGXULQJWKHWHQVLOHWHVW


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
)LJ7D\ORUIDFWRUVWUDLQFXUYHVSUHGLFWHGE\WKH936&PRGHOIRULQLWLDOPDWHULDOGHIRUPHGLQWHQVLOHWHVWLQWKUHHGLIIHUHQWWHVWGLUHFWLRQV
&RQFOXVLRQ
0JVKRZHGDQLVRWURSLFSURSHUWLHVLQGLIIHUHQWWHVWGLUHFWLRQVFKDUDFWHUL]HGE\DQLVRWURS\LQIORZVWUHVVXQLIRUP
VWUDLQDQG5YDOXH7H[WXUHDQDO\VLVRQWKHPDWHULDOEHIRUHWHQVLOHWHVWVKRZHGWKDWWKHPDWHULDOKDVDVWURQJ^`
XYWZ!ILEHUFU\VWDOORJUDSKLFWH[WXUHFRPSRQHQW^ `ͳͲͳതͲ!WH[WXUHFRPSRQHQWZDVREVHUYHGWREHSUHGRPLQDQW
IRUDOODQDO\]HGWHVWGLUHFWLRQZKHUHLWZDVVWURQJHUIRUPDWHULDOORDGHGDWRWKDQWKHRWKHUWZRWHVWGLUHFWLRQV7KH
UHVXOWVZHUHTXDOLWDWLYHO\FRPSOHPHQWHGXVLQJSRO\FU\VWDOVPRGHO936&FRGHVXJJHVWLQJWKDW936&PRGHOFDQEH
XVHGWRFRPSXWHWKHLQIOXHQFHRIWKHFU\VWDOORJUDSKLFWH[WXUHRQWKHPHFKDQLFDOEHKDYLRURI0JVKHHW7KHVWURQJHU
^`ͳͲͳതͲ!WH[WXUHFRPSRQHQWIRUPDWHULDOORDGHGDWRFRQWULEXWHGWRLWVKLJKHU0!YDOXHWKDQWKHRWKHUWZR
WHVWGLUHFWLRQV4XDQWLWDWLYHO\WKHVHUHVXOWVUHIOHFWHGWKHKLHUDUFK\RIWKHH[SHULPHQWDOıİFXUYHVVWURQJO\VXJJHVWLQJ
WKDWWKHFU\VWDOORJUDSKLFWH[WXUHKDVDQLPSRUWDQWUROHRQWKHDQLVRWURSLFIORZVWUHVVREVHUYHGGXULQJWKHWHQVLOHWHVWV
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